Introduction {#sec1}
============

The progress of optical chemosensors with exceptional selectivity and rapid sensitivity for precise metal ions has been the topic of emerging enthusiasm for scientific experts because of their prospective medical, industrial, and environmental uses.^[@ref1]−[@ref5]^ Great attention is required for developing chromogenic and fluorogenic sensors based on ion-induced large changes in photophysical properties. These sensing strategies are much more modest than other different methods such as mass spectroscopy, electrochemical methods, and atomic absorption spectroscopy due to their fast reaction, suitable use, cheapness, and great sensitivity.^[@ref6]^ It is well known that metal cations play a significant role in life processes.^[@ref7]^ An excess or a deficiency of metal ions generates an imbalance situation and may even be unsafe to living systems.^[@ref8]^ Perhaps, aluminum is a trace element associated with the human diet. Aluminum is the most plentiful (8.3% by weight) metal element and the third most prevailing of all elements (after oxygen and silicon) in the earth's crust. Aluminum exists in its ionic form Al^3+^ in natural waters and biological tissues.^[@ref9]^ Despite the fact that aluminum is regarded as a nonessential component for the human body, some applicable aluminum coordination compounds are commonly used as clinical medications. A frequently used analgesic, i.e., aspirin, comprises aluminum glycinate as a key component and is used as a food additive in vaccines and antacids, used for making aluminum containers, etc. A number of proofs show that excessive intake of Al^3+^ by humans could cause major health difficulties, for example, encephalopathy, myopathy, Parkinson's disease, headache, anemia, Alzheimer's disease, rickets, cardiac arrest, glucose intolerance, osteoporosis, kidney stone, and many more.^[@ref10]−[@ref15]^ As directed by the World Health Organization (WHO), the usual daily human utilization of aluminum is approximately 3--10 mg. The tolerable weekly aluminum dietary intake in the human body is about 7 mg kg^--1^ body weight.^[@ref16]^ The harmful impacts of aluminum are not only limited to human but are also known to disturb the plants and aquatic ecosystem.^[@ref9],[@ref17]^ The concentration of accessible Al^3+^ is increased for the solvation of Al salts at lower pH that is poisonous for growing plants. Thus, the selective detection of the potent analyte Al^3+^ in various samples before entering in the human body has been of great importance. However, the sensing of Al^3+^ has been restricted due to its strong hydration enthalpy in the aqueous environment and poor coordination ability.^[@ref18],[@ref19]^ On addition, the complex level of synthesis and purity are active in developing highly selective and sensitive chemosensors for Al^3+^ ions limiting its practical utility. Therefore, developing fluorescent probes that are easy to synthesize and show excellent selectivity toward Al^3+^ ions is very much desired. To date, many optical chemosensors based on a Schiff base for Al^3+^ metal ions have been reported owing to their easy synthesis, variable arrangements, cheap raw resources, and strong tendency to bind metal ions.^[@ref18]^ In recent years, naphthol and its derivatives were used as brilliant fluorescence chemosensors for Al^3+^ and attracted much attention due to their short synthetic steps, high water solubility, noticeable fluorescence quantum yield, and decent photostability.^[@ref20],[@ref21]^

DNA is the most important biomacromolecule in living beings that carries the record of the hereditary statistics. It regulates the biosynthesis of proteins and various enzymes through replication and transcription. Consequently, DNA is the prime intracellular target of most of the drugs and hazardous substances. Generally, the duplex DNA interacts with small molecules noncovalently via three different paths: intercalation, groove binding and external binding.^[@ref22]^ Very recently, broad attention has been paid to show the interactions of small molecules with DNA, as they either interact covalently or intercalate into DNA molecules to form DNA--molecule adducts, which may cause gene mutations. The main physicochemical experiments for the quantitative detection of DNA are fluorescence and chemiluminescence, and because of nonfluorescent nature of DNA, some extrinsic fluorescent probes must be used in DNA research.^[@ref23]^ Therefore, the interactions of small molecules with DNA are of prime significance and are supportive for further applications in DNA molecular probes and chemotherapeutic reagents.

Again, mimicking the logic gate functions into semiconductors used in modern computing is of specific interest, for which the relationship between the input and the output might be represented by the truth tables, where "1" represents an active input/output and "0" an inactive one. Since de Silva et al. had reported molecular AND logic gates for the first time,^[@ref24]^ many researchers reported molecular logic gates for different applications.^[@ref25],[@ref26]^ On the basis of special recognition effects of cation and anion detection, many molecular logic circuits have been settled for application in information storage.^[@ref26],[@ref27]^

Considering the above fact, we intend to report the 3-hydroxy-*N*′-(2-hydroxy-3-methoxybenzylidene)-2-naphthohydrazide based Schiff base (H~2~NPV), which was found to be weakly fluorescent, and it has become a noble probe for sensing Al^3+^ by chelation-enhanced fluorescence (CHEF). Simultaneously, it is expected that inhibition of excited-state intramolecular proton transfer (ESIPT), having coordination with Al^3+^ ions, operated that evidenced selective sensing through emission spectral change. Further, the bioapplicability of the probe has been confirmed through DNA interaction studies in solution. Two input-based INHIBIT logic gate and molecular memory devices have been constructed and interpreted with the proper sequential summary of different inputs.

Results and Discussion {#sec2}
======================

The probe H~2~NPV was easily synthesized by the facile Schiff-base condensation reaction between 3-hydroxy-2-naphthoic hydrazide and 2-hydroxy-3-methoxy benzaldehyde in ethanol. It was characterized thoroughly by single-crystal X-ray diffraction, ^1^H NMR, ^13^C NMR, ESI-MS^+^, IR, and CHN elemental analyses ([Figures S1--S6](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02226/suppl_file/ao0c02226_si_001.pdf)). The refined and structure-solving parameters are tabulated in [Table S1](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02226/suppl_file/ao0c02226_si_001.pdf).

For H~2~NPV, ^1^H NMR signals in DMSO-*d*~6~ at δ = 12.16 and 11.30 ppm are assignable to naphtholic-OH and vanillinic-OH, respectively. The peak N--H and CH=N protons appear at δ = 8.69--8.68 and 8.46--8.45 ppm, respectively. In the ^13^C NMR spectrum, the signals observed at δ = 164.16 and 154.65 ppm are responsible for the C=O and C=N nuclei, respectively. Electrospray ionization mass spectrometry (ESI-MS) spectrum also displayed the ion peak at 359.1234, which illustrates the formation of \[H~2~NPV + Na^+^\] (base peak). The IR spectra of H~2~NPV showed a characteristic peak at 3437.8 cm^--1^ for phenolic-OH. The bands observed at 1641 cm^--1^ and 1626 cm^--1^ are attributed to C=O and C=N, respectively.

The geometry of the probe H~2~NPV was further studied by single-crystal X-ray diffraction (SCXRD) data solving. The structure ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}) exhibits that 3-hydroxy-2-naphthoic hydrazide and 2-hydroxy-3-methoxy benzaldehyde moieties are joined by an imine (C=N) bond with the bond length 1.290 Å, which is comparable with reported data^[@ref28]^ and that the hydrazine N--N length, in the range of 1.372 Å, is also comparable with published data. The molecular view shows that it is an intramolecular H-bonded (^d^NH···O = 1.895 Å and ^d^OH···N = 1.892 Å) mononuclear unit. This mononuclear molecule is also engaged in intermolecular hydrogen bondings (^d^CH···O = 2.676--2.691 Å and ^d^OH···O = 1.799 Å) with molecular synthons R~2~^2^(6) and R~2~^3^(11) to form hydrogen-bonded one-dimensional (1D) arrays along the crystallographic *b* axis ([Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}a). Again, each hydrogen-bonded 1D array is expanded to form a stairlike two-dimensional (2D) network in the crystallographic *bc* plane ([Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}b). However, the 1D array is further extended to form a stairlike 2D framework in the crystallographic *ac* plane ([Figure S2](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02226/suppl_file/ao0c02226_si_001.pdf)).

![Crystallographic molecular view of H~2~NPV, the H-bonding distances are ^d^NH···O = 1.895 Å and ^d^OH···N = 1.892 Å.](ao0c02226_0001){#fig1}

![(a) Hydrogen-bonded 1D array along the crystallographic *b* axis; (b) hydrogen-bonded stairlike 2D network in the crystallographic *bc* plane in H~2~NPV.](ao0c02226_0010){#fig2}

Absorbance and Fluorescence Studies {#sec2.1}
-----------------------------------

The absorbance and fluorescence properties of chemosensor H~2~NPV solution (20 μM) were tested in 2 mL of MeOH/HEPES buffer (v/v, 9:1) solution at pH 7.2 using metal salts of Na^+^, K^+^, Ba^2+^, Mg^2+^, Ca^2+^, Mn^2+^, Fe^3+^, Cr^3+^, Co^2+^, Ni^2+^, Cu^2+^, Zn^2+^, Cd^2+^, Hg^2+^, Pb^2+^, and Al^3+^ having a strength 25 equiv stronger than the concentration of H~2~NPV. The absorption spectra of the bare probe H~2~NPV ([Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}a) showed two peaks at 235 and 309 nm attributed to π--π\* and n−π\* transitions, respectively. The absorbance band at 235 nm reduced rapidly with incremental addition of Al^3+^ ions, and simultaneously formation of two new absorbance peaks at 330 and 400 nm appeared with a clear isosbestic point at 315 nm, indicating a strong interaction and complexation between H~2~NPV and Al^3+^.

![(a) UV--vis absorption spectral changes of H~2~NPV (20 μM) upon incremental addition of Al^3+^; (b) fluorescence spectral changes of H~2~NPV (20 μM) upon addition of Al^3+^ in MeOH--H~2~O HEPES buffer solution (9:1, v/v) at pH = 7.2; inset: emission colors of H~2~NPV (20 μM) on incremental addition of Al^3+^ under 366 nm UV light. Photo courtesy: B.D.](ao0c02226_0011){#fig3}

The receptor H~2~NPV itself displays very weak fluorescence peaks at 426 and 553 nm upon excitation at 330 nm (21 nm higher than maximum absorption). The incremental addition of Al^3+^ ions to the organic-aqueous solution of the ligand H~2~NPV leads to a rise (∼37-fold) of emission intensity at 524 nm wavelength ([Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}b). The quantum yield (Φ) from fluorescence increases to 0.137 from 0.016 upon Al^3+^ addition. Further, Zn^2+^ addition to the H~2~NPV solution exhibits a weak fluorescence band at nearly 514 nm with an increase in fluorescence intensity (∼7-fold) ([Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}a). Initially, on incremental addition of Al^3+^, the fluorescence intensities increase progressively at 524 nm with deepening of greenish color. However, at a higher Al^3+^ concentration (greater than 50 μM), the fluorescence intensity at 524 nm remains essentially unchanged. This shows the saturation in chelation of the receptor H~2~NPV with Al^3+^ for the formation of a stable metal--receptor complex (**1**).

![(a) Fluorescence spectral change of H~2~NPV (20 μM) upon addition of various metal ion MeOH--H~2~O HEPES buffer solutions (9:1, v/v) at pH = 7.2; (b) relative emission intensities of H~2~NPV (20 μM) at 524 nm in the presence of each additive (25 equiv) at room temperature (λ~ex~ = 330 nm); (c) photographic images of H~2~NPV (20 μM) solutions in the presence of 25 equiv of Ba^2+^, Ca^2+^, Cd^2+^, Co^2+^, Cr^3+^, Cu^2+^, Zn^2+^, Al^3+^, Fe^3+^, Hg^2+^, Mg^2+^, Mn^2+^, Ni^2+^, Pb^2+^, Na^+^, and K^+^ under a 366 nm UV light. Photo courtesy: B.D.](ao0c02226_0012){#fig4}

The specific detection feature of the receptor is an important condition for a fruitful sensor. To check the selectivity of the sensor H~2~NPV to Al^3+^ detection, we performed fluorescence response studies with 20 μM H~2~NPV and 25 equiv of several metal ions on exciting the probe at 330 nm.

To search the binding of chemosensor H~2~NPV toward different transition metal ions (Mn^2+^, Fe^3+^, Cr^3+^, Co^2+^, Ni^2+^,Cu^2+^, Zn^2+^, Cd^2+^, Ba^2+^, Hg^2+^, and Pb^2+^ as their chloride salts and nitrate salt of Al^3+^) and biologically abundant metals (chloride salts of Ca^2+^, Mg^2+^, Na^+^, and K^+^), the emission spectral response of H~2~NPV was verified in the presence of these metal ions in the MeOH--H~2~O HEPES buffer (9:1, v/v, pH ∼ 7.2) solution. It was observed that the interfering metal ions except Al^3+^ and Zn^2+^ stay unaltered for sensing by the probe H~2~NPV ([Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}a,b). It is shown that the bright green fluorescence of the H~2~NPV solution can be visioned by minimum addition of Al^3+^ under a UV lamp, and rest of the metal ions almost remain silent ([Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}c). However, no color change is observed under ambient light.

The stoichiometry (1:1) for a receptor--analyte coordination was established by Job's plot exploration ([Figure S7](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02226/suppl_file/ao0c02226_si_001.pdf)). Job's plot revealed that the emission intensity of H~2~NPV initially increased and then reduced with an increase of the molar fraction of Al^3+^ ions. The maximum emission intensity was detected at the 0.52 M molar fraction of Al^3+^ with H~2~NPV. This indicates that a 1:1 complex was formed between the receptor H~2~NPV and analyte Al^3+^. The formation of this 1:1 stoichiometric complex had also been confirmed by ESI-MS spectra taking the base peak at *m*/*z* ∼ 411.14 for the proposed theoretical exact mass of {Al(NPV)(MeOH)(H~2~O)} (**1**) ([Figure S8](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02226/suppl_file/ao0c02226_si_001.pdf)). From the fluorescence titration profiles, considering 1:1 binding stoichiometry, the association constant (*K*~a~) for H~2~NPV-Al^3+^ was calculated as 4.28 × 10^4^ M^--1^ by a Benesi--Hildebrand (B--H) plot ([Figure S9](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02226/suppl_file/ao0c02226_si_001.pdf)). The calculated limit of detection (LOD) value was found to be 1.70 × 10^--6^ M based on the above-mentioned fluorescence titration data by the 3σ method^[@ref29]^ ([Figure S10](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02226/suppl_file/ao0c02226_si_001.pdf)). The detection limit was suitably low to sense submicromolar concentration of the Al^3+^, which fits to the range found in many biological and chemical systems.

Reversibility is an essential requirement for emerging novel chemosensors for practical application. The recognition process with reversibility of the receptor H~2~NPV was executed by adding a strong chelating agent, ethylenediaminetetraacetic acid (EDTA) ([Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"}a). The increase in fluorescence intensity at 524 nm showed that the receptor H~2~NPV binds with Al^3+^ ions (25 equiv).

![(a) Fluorescence spectral change of H~2~NPV (20 μM) upon addition of Al^3+^ followed by EDTA in MeOH--H~2~O (9:1, v/v) at pH = 7.2 and (b) fluorescence intensity variation at 524 nm after repetitive addition of Al^3+^ and EDTA to the solution of H~2~NPV.](ao0c02226_0013){#fig5}

However, the addition of EDTA (25 equiv) to the probe H~2~NPV + Al^3+^ ion solution prompts the quenching of emission that falls to about the original emission intensity of the probe H~2~NPV, which indicates demetallation from the receptor and recovery of the free receptor. The fluorescence was recouped by the addition of Al^3+^ again ([Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"}b). Such regeneration and reversibility are important for the construction of devices to detect the Al^3+^.

For the purpose of practical applications, the fluorescence sensing of Al^3+^ by receptor H~2~NPV under different pH conditions was performed. It was observed that the fluorescence intensity of our probe H~2~NPV--Al^3+^ ensembles remained unaltered over a wide pH range of 6.5--9.0 ([Figure S11](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02226/suppl_file/ao0c02226_si_001.pdf)). Beyond this limit, fluorescence intensity quenching may be due to metal hydroxide formation under an alkaline environment and protonation of the coordinating site of the Schiff base part under acidic environments. Thus, the result exhibited that H~2~NPV was a sensitive detector and could be useful in environmental exploration. Then, the filter paper strip test with the receptor H~2~NPV for different metal ions (25 equiv) under UV light was performed ([Figure [6](#fig6){ref-type="fig"}](#fig6){ref-type="fig"}a). On addition of Al^3+^ to H~2~NPV, the emission of paper strip becomes greenish but remains colorless for other metal ions when added to it. The exact color perception was best visualized by the chromaticity CIE 1931 (Commission International de L'Eclairage) plot utilizing the CIE-*X* and CIE-*Y* coordinate values 0.241 and 0.533, respectively ([Figure [6](#fig6){ref-type="fig"}](#fig6){ref-type="fig"}b)

![(a) Color change of chemosensor H~2~NPV with different metal ions (25 equiv) under UV light using filter paper test strips and (b) CIE chromaticity diagram of H~2~NPV + Al^3+^. Photo courtesy: B.D.](ao0c02226_0014){#fig6}

The superiority and selectivity to Al^3+^ were further established by the competitive experiment. The receptor H~2~NPV was treated with Al^3+^ in the presence of different metal ions (25 equiv). The slight interference was noticed for the detection of Al^3+^ in the presence of tested metal ions ([Figure [7](#fig7){ref-type="fig"}](#fig7){ref-type="fig"}a) except Cu^2+^ and Fe^3+^ (the well-known paramagnetic quencher).

![(a) Above: relative fluorescence intensity of H~2~NPV after addition of different competing metal ions (25 equiv) with Al^3+^ to the solution of H~2~NPV in MeOH--H~2~O HEPES buffer solution (v/v, 9:1) at pH = 7.2; below: corresponding photographic image under a UV cabinet (366 nm). (b) Above: relative emission intensity of H~2~NPV after addition of 25 equiv of competing anions with Al^3+^ to the solution of H~2~NPV in MeOH--H~2~O HEPES buffer solution (v/v, 9:1) at pH = 7.2; below: corresponding photographic image under a UV lamp (366 nm). Photo courtesy: B. D.](ao0c02226_0015){#fig7}

Moreover, in the presence of 25 equiv of different anions, the emission profile of H~2~NPV--Al^3+^ ensembles remains unaffected for most of the anions except for H~2~PO~4~^--^ and HPO~4~^2--^, which quench the emission ([Figure [7](#fig7){ref-type="fig"}](#fig7){ref-type="fig"}b). The quenching of emission intensity of H~2~NPV + Al^3+^ ensembles by H~2~PO~4~^--^/HPO~4~^2--^ mainly occurs due to either the coordination of these anions with Al^3+^, making the metal ions free from the ligand--metal complex, or the protonation of imine N of the probe by these anions or by both effects. The cumulative result of coordination of O atoms of the mentioned anions with Al^3+^ and ensuing protonation of H~2~NPV weakens the binding power of the receptor with Al^3+^. This weakening facilitates the probe to retrieve the free rotation around C=N as well as ESIPT process and then finally results in quenching.^[@ref30]^ Thus, the receptor H~2~NPV can be treated as a selective fluorescent sensor for Al^3+^ in the presence of most competing metal ions as well as anions.

Therefore, the probe showed a greater binding affinity to Al^3+^ ion sensing compared to other metal ions due to the CHEF-induced fluorescence enhancement for Al^3+^. This distinctive selectivity of the probe toward Al^3+^ could be inferred in terms of the higher charge density and smaller ionic radius of the Al^3+^.^[@ref18],[@ref31],[@ref32]^ The molecule was nearly nonemissive due to the photoinduced electron transfer (PET) effect from an aldamine N-atom and the ESIPT process operating simultaneously.

The emission of H~2~NPV--Al^3+^ ensembles retained in various solvent systems like MeOH, EtOH, dimethylformamide (DMF), dimethyl sulfoxide (DMSO), and tetrahydrofuran (THF). But in MeCN, it give mild emission ([Figure [8](#fig8){ref-type="fig"}](#fig8){ref-type="fig"}a,b) with insufficient change of spectral positions in different solvents. Close vicinity of salicylic-OH and basic Schiff base nitrogen moieties favors formation of a six-membered ring structure by the intramolecular H-bonding, which is of distinct interest from the viewpoint of ESIPT. The intramolecular hydrogen bonding in polar aprotic solvents (like THF and MeCN) was preferred, and the receptor H~2~NPV accepted the enol conformation. In the presence of a polar protic solvent, e.g., H~2~O or methanol, the polar N-atom/N--H moiety tended to solvate. Then, the solvation hindered the PET process, which prompted significant emission, indicating intermolecular hydrogen bonding-induced fluorescence.^[@ref33]^

![(a) Above: relative emission intensity of H~2~NPV after addition of Al^3+^ to the solution of H~2~NPV in different solvents; below: corresponding photographic images under a UV lamp (366 nm). (b) Normalized emission spectra of H~2~NPV--Al^3+^ ensembles in different solvents. Photo courtesy: B.D.](ao0c02226_0016){#fig8}

The strong binding of Al^3+^ with the receptor completely abolished the enol emission (at the cost of Ph--OH → Ph--O−) and led to the increase in fluorescence emission by chelation-enhanced fluorescence (CHEF) effects ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}). Again, the emission peak was assigned to the ESIPT on the basis of large Stokes' shift (λ~em~ -- λ~abs~ = 124 nm). Moreover, significant deviation of photoluminescence (PL) spectra from the mirror image of the absorption and nanosecond lifetime of the exited state of H~2~NPV ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}) supports the ESIPT process. At this point, an ESIPT molecule ties a metal ion, and a remarkable signature is that the absorption λ~max~ displays a huge bathochromic shift (as a consequence of Ph--OH → Ph--O^--^), while the emission λ~em~ moves to a lower wavelength (due to absence of ESIPT).^[@ref34]^ With our probe H~2~NPV, both events were observed on Al^3+^ addition. Again, the absence of overlapping between the absorption and emission spectra excludes the possibility of FRET ([Figure S12](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02226/suppl_file/ao0c02226_si_001.pdf)).

![Diagram of Turn-On Sensitivity of H~2~NPV toward Al^3+^ via Inhibition of ESIPT Processes and Induced CHEF with the Formation of Complex **1**](ao0c02226_0018){#sch1}

###### Average Lifetime Calculation

  MeOH--THF          τ (ns)   τ (ns)   α      α      χ2     τ~av~ (ns) (intensity)   τ~av~ (ns) (amplitude)
  ------------------ -------- -------- ------ ------ ------ ------------------------ ------------------------
  H~2~NPH            0.769    3.78     0.66   0.34   1.27   2.92                     1.79
  H~2~NPV + Al^3+^   2.07     7.81     0.71   0.29   1.18   5.56                     3.73

The coordination mode of H~2~NPV to Al^3+^ ions in solution was proven by adoption of different spectroscopic techniques. The ESI-MS spectra of \[M(NPV)\] in MeOH presented H~2~NPV/M = 1:1 with ESI-MS^+^ (*m*/*z*) = 411.11 for **1** with the formulation \[H~2~NPV-2H^+^ + Al^3+^ + H~2~O + MeOH\]^+^ ([Figure S8](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02226/suppl_file/ao0c02226_si_001.pdf)), which matched the isotopic pattern for C~20~H~20~AlN~2~O~6~. The evaluation of Fourier transform infrared (FTIR) spectra for the free H~2~NPV and its complex in solid KBr pellet revealed a shifting from 3437 cm^--1^ (−OH) and 1636 cm^--1^(−C=N) (for the free ligand) to 3418 and 1633 cm^--1^ (for the Al^3+^ complex), respectively, signifying a major binding between them via the phenolic −OH group and imine N-atom of Schiff base ([Figure S13](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02226/suppl_file/ao0c02226_si_001.pdf)).

Further, ^1^H NMR studies ([Figures [9](#fig9){ref-type="fig"}](#fig9){ref-type="fig"} and [S14](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02226/suppl_file/ao0c02226_si_001.pdf)) also confirmed the coordination modes of the complex. The ^1^H NMR spectrum of the free ligand showed signals at δ 12.16 and 11.30 ppm corresponding to phenolic −OH and at 8.69 ppm corresponding to −NH as expected. Upon addition of 0.5 equiv of Al^3+^, one of the phenolic −OH signals disappeared, and with 1.0 equiv of Al^3+^, both signals for −OH vanished; at the same time, the N--H signal slightly deshielded (from δ 8.699--8.684 to 8.70 ppm). Again, the azomethine proton signal shifted to 8.47 ppm from 8.465--8.451 ppm. Other aromatic and aliphatic protons showed slight changes. Upon Al^3+^ coordination, C=N isomerization and the coupling possibility of proximal −OH with −NH protons and of −OH with −CH=N eliminated, resulting in a singlet peak for both −NH and −CH=N protons. The results altogether suggest that one azomethine-N and two phenolate-O of H~2~NPV are involved in coordination with Al^3+^ and are again supported by density functional theory (DFT) calculations of only the ligand and its Al^3+^ complex (vide infra).

![Titration spectra (^1^H NMR) of probe H~2~NPV and its complex formation with Al^3+^ (**1**).](ao0c02226_0017){#fig9}

Time-Resolved Fluorescence Decay for H~2~NPV and Complex **1** {#sec2.2}
--------------------------------------------------------------

In polar protic solvents, H~2~NPV exhibited biexponential decay with time constants of 0.769 and 3.78 ns ([Figure [10](#fig10){ref-type="fig"}](#fig10){ref-type="fig"}) corresponding to the decays of enol and keto emission of the probe, respectively. After addition of Al^3+^, the lifetime and relative abundance of the first component increases, while the lifetime of second components increased; however, relative abundance marginally diminished ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}). On average, the lifetime of H~2~NPV increased with the addition of Al^3+^. On the fast time scales, a slight growth was experienced as the hydrogen bond of the protic solvents delayed the ESIPT process.^[@ref35],[@ref36]^ Fluorescence intensity and the corresponding lifetime increment were quite obvious due to the freezing of nonradiative decay as a result of structural rigidity of the complex over the reasonably more flexible structure of the free ligand.^[@ref37]^

![Time-resolved fluorescence decay of H~2~NPV (purple), H~2~NPV--Al^3+^ (pink), and blank (black) (ex = 288 nm LED).](ao0c02226_0002){#fig10}

Structural Geometry Optimization {#sec2.3}
--------------------------------

The configuration modes of the neutral complex **\[Al(NPV)(H~2~O)(MeOH)\]^+^(1)** are confirmed by NMR titration, FTIR, and high-resolution mass spectrometry (HRMS) data, then the theoretical structural geometry optimization is done on it, and the theoretical structure of the Al(III) complex is revealed in [Figure [11](#fig11){ref-type="fig"}](#fig11){ref-type="fig"}a. The vital geometrical parameters for the complex are tabulated in [Table [2](#tbl2){ref-type="other"}](#tbl2){ref-type="other"}.

![(a) Geometry-optimized molecular structure of **\[Al(NPV)(H~2~O)(MeOH)\]^+^(1)**; (b) involved molecular orbitals of **H**~**2**~**NPV** and **1**.](ao0c02226_0003){#fig11}

###### Selected Bond Lengths and Bond Angles of **1**

  bond distance (Å)           bond angles (deg)    
  ------------------- ------- ------------------- --------
  Al1--N1             2.040   N1--Al1--O1         87.75
  Al1--O1             1.832   O1--Al1--O2         148.72
  Al1--O2             1.816   N1--Al1--O2         86.51
  Al1--O1m            1.913   N1--Al1--O1w        100.18
  Al1--O1w            1.893   O1--Al1--O1w        108.37
                              O1--Al1--O1m        83.80
                              N1--Al1--O1m        153.90
                              O2--Al1--O1m        87.99
                              O2--Al1--O1w        102.90

For **1**, the only metal center Al^3+^ is five-bonded with a dinegative (deprotonated) tridentate NAPNV ligand (ONO donor atoms) with a water (H~2~O) molecule and a methanol (MeOH) molecule as coligands to attain the arrangement of a square-pyramidal or trigonal-bipyramidal geometry to form **\[Al(NPV)(H**~**2**~**O)(MeOH)\]**^**+**^**(1)**.

Because of the pentacoordination of the metal center, the geometry pattern of the metal can be calculated by the Addison parameter (τ), which is 0.086 for **1** in this case \[τ = (α -- β)/60, where the two largest L--M--L angles of the coordination sphere are denoted as α and β\], signifying a distorted square-pyramidal geometry of the Al(III) center (as τ = 1 for a true trigonal bipyramid and τ = 0 for a true square pyramid). The basal plane is coordinated by two oxygen (O1 and O2) atoms of naphthyl and phenyl rings, one imine nitrogen (N1), and one methanol (O1m), while the sole axial site is engaged by the oxygen atom (O1w) of water molecule in **1**. The bond length Al--N is 2.04 Å and Al--O bond lengths span in the range of 1.816--1.913 Å in this calculation.

In the ground state of H~2~NPV, the electron density exists mainly on HOMO -- 1, LUMO, LUMO + 1, and LUMO + 2 orbitals originating at the total naphthyl ring and phenoxo oxygen, whereas the same for HOMO -- 3, HOMO -- 2, HOMO, and LUMO + 3 orbitals resides at the phenoxo oxygen and azine nitrogen atoms with an energy gap between HOMO and LUMO of 3.47 eV ([Figure [11](#fig11){ref-type="fig"}](#fig11){ref-type="fig"}b). In the case of **1**, HOMO, HOMO -- 2, LUMO + 1, and LUMO + 2 orbitals mainly originate from the azine nitrogen atoms, naphthyl moiety, and phenoxido oxygen, and also LUMO, LUMO + 1, LUMO + 3, and HOMO -- 2 orbitals originate from azine nitrogen atoms, phenoxido oxygen, methanol, and considerable contribution of metal centers with an energy gap between the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) of 3.36 eV ([Figure [11](#fig11){ref-type="fig"}](#fig11){ref-type="fig"}b).

The absorbance of H~2~NPV in this work, calculated at room temperature in methanol, exhibits two well-set bands at 235 and 309 nm, which are in good agreement with theoretical values of 236 and 316 nm, respectively. These peaks are assigned to S~0~ → S~13~ and S~0~ → S~3~ transitions for the receptor ([Table [3](#tbl3){ref-type="other"}](#tbl3){ref-type="other"}).

###### Similar Calculated Absorbance λ~max~ and Experimental Values for H~2~NPV and **1**

  ligand and complex   theoretical (nm)   experimental (nm)   composition        electronic transition   energy (eV)   *f*
  -------------------- ------------------ ------------------- ------------------ ----------------------- ------------- --------------
  **H~2~NPV**          236                235                 HOMO → LUMO + 3    S~0~ → S~13~            5.2557        0.06390.8354
  **1**                316                309                 HOMO -- 1 → LUMO   S~0~ → S~3~             3.7959        
  338                  330                HOMO → LUMO         S~0~ → S~6~        3.6662                  0.1477        
  HOMO-2 → LUMO                                                                                                        
  407                  400                HOM -- 1 → LUMO     S~0~ → S~2~        3.0414                  0.0437        

Complex **1** reveals two well resolved absorbance peaks at 330 and 400 nm ([Figure [12](#fig12){ref-type="fig"}](#fig12){ref-type="fig"}) in the MeOH/HEPES buffer solvent and the consistent theoretical absorption bands are assigned at 338 and 407 nm, which are in outstanding agreement with the experimental result ([Table [3](#tbl3){ref-type="other"}](#tbl3){ref-type="other"}). These spectral peaks can be assigned to the S~0~ → S~6~ and S~0~ → S~2~ transitions, respectively.

![Frontier molecular orbitals involved in the absorbance of **1** in methanolic medium.](ao0c02226_0004){#fig12}

DNA Binding Experiments {#sec2.4}
-----------------------

### Absorbance and Steady-State Fluorescence Titration {#sec2.4.1}

UV--vis absorbance is the most widely utilized technique for distinguishing the association of small/little molecules with nucleic acids and production of their complexes.^[@ref38]^ Normally, the absorption change and the shift in the peak location are noticed when a complex generates by the interaction of a small ligand/molecule with DNA. The efficacy of interactions is associated with the extent of variations of peak or shift in absorbance spectrum. The interaction of H~2~NPV with DNA was recorded in the region of 300--500 nm, where DNA absorbance is insignificant. The absorption titration spectra of H~2~NPV displayed 10.85% hypochromicity of the band at 310 nm upon incremental addition of DNA ([Figure [13](#fig13){ref-type="fig"}](#fig13){ref-type="fig"}a) with an isosbestic point at 361 nm. These types of changes in absorption spectra mostly indicate the existence of an effective association between the π-electron cloud of the interfacing ligand and the base pairs of DNA.^[@ref38]−[@ref40]^

![(a) Absorbance titration spectra of H~2~NPV (20 μM) with rising concentration of CT-DNA \[0--20 μM\]; inset: Scatchard plot from McGhee--von Hippel analysis for the binding of H~2~NPV to DNA. (b) Fluorescence titration profile of H~2~NPV (20 μM) on addition of incremental concentration of CT-DNA \[0--30μM\]; inset: modified Benesi--Hildebrand plot. λ~ex~ = 350 nm.](ao0c02226_0005){#fig13}

H~2~NPV exhibited an emission maximum in the range 430--502 nm when excited at 350 nm. The steady-state fluorescence titration was carried out by a fixed concentration titration of H~2~NPV (20 μM) with incremental addition of DNA. About 2.3-fold enhancement in the emission intensity of H~2~NPV ([Figure [13](#fig13){ref-type="fig"}](#fig13){ref-type="fig"}b) was detected at 433 nm on addition of DNA. This rise in the emission intensity on interaction with DNA signifies an effectual interaction of the probe H~2~NPV with DNA.

### Evaluation of Binding Affinity Values {#sec2.4.2}

For the quantification of apparent equilibrium constant (*K*) for the complex formation between H~2~NPV and DNA, the Scatchard plot and Benesi--Hildebrand plot were constructed from the absorbance and steady-state fluorescence titration data, respectively.

From the absorption titration spectra, the value of the intrinsic binding constant was calculated to be (4.02 ± 0.18) × 10^5^ M^--1^. Likewise, the magnitude of apparent equilibrium constant *K*~BH~ from spectrofluorimetry was assessed to be (4.72 ± 0.03) × 10^5^ M^--1^. It can be seen that these two binding constant values resulting from spectrophotometry and spectrofluorimetry are in close concurrence with one another.

Determination of the Binding Mechanism by Displacement Assay {#sec2.5}
------------------------------------------------------------

### Hoechst 33258 Displacement Assay {#sec2.5.1}

Hoechst 33258 is an *N*-methylpiperazine analogue, which displays a precise binding affinity for the A--T-rich sequences situated at the minor grooves of DNA. For investigation of the site of interaction of H~2~NPV with DNA, the Hoechst displacement assay was carried out. The increase of the emission intensity is generally attributed to the greater planarity of the *N*-methylpiperazine derivative when bound to ds-DNA and its shielding from collisional quenching.^[@ref41]^ If H~2~NPV competes for similar DNA binding positions of Hoechst, a reduction of the emission intensity of the latter must be detected. The fluorescence of the Hoechst--DNA complex lessened (∼93%) with addition of H~2~NPV ([Figure [14](#fig14){ref-type="fig"}](#fig14){ref-type="fig"}). This observation shows the efficiency of H~2~NPV to dislocate Hoechst from the A--T binding sites situated in the minor groove.

![Competitive fluorescence spectra between the Hoechst--DNA complex and H~2~NPV (**L**). *C*~Hoechst~ = 1.91 μM, *C*~DNA~ = 20 μM, *C*~NAPNV~ = 0.0--20 μM. λ~exc~ = 350 nm.](ao0c02226_0006){#fig14}

### Isothermal Titration Calorimetry (ITC) Studies of DNA--H~2~NPV Interaction {#sec2.5.2}

Isothermal titration calorimetry (ITC) is a very sensitive and dependable tool to explore the interaction of ligands with DNA. A particular ITC measurement can harvest all thermodynamic parameters like stoichiometry (*N*), equilibrium constant (*K*), standard molar enthalpy (Δ*H*^0^), standard molar entropy of binding (*T*Δ*S*^0^), and standard molar Gibbs energy (Δ*G*^0^). The ITC study was performed to obtain thorough information on the binding of H~2~NPV to DNA at 298.15 K ([Figure [15](#fig15){ref-type="fig"}](#fig15){ref-type="fig"}). The negative peaks of the thermogram indicate exothermic contact with a sole binding site ([Figure [15](#fig15){ref-type="fig"}](#fig15){ref-type="fig"}a). The top series peaks of [Figure [15](#fig15){ref-type="fig"}](#fig15){ref-type="fig"}a represent the control heats, i.e., dilution heats, for injecting equal volumes of the identical concentration of H~2~NPV into the buffer only.

![ITC profile for the titration of H~2~NPV with CT-DNA at *T* = 298.15 K. (a) Raw data obtained from the sequential injection of H~2~NPV into CT-DNA solution (the top series peaks represent the control heats, i.e., dilution heats for injecting equal volumes of the identical concentration of H~2~NPV into the buffer alone) and (b) respective normalized heat signals versus molar ratios. The data points (●) are the experimental injection heats, while the continuous line is the best-fit curve for the experimental data using a single-binding-site model. The concentration of CT-DNA in the calorimeter cell was 60 μM, and aliquots of H~2~NPV (140 μM) were titrated.](ao0c02226_0007){#fig15}

The respective normalized heat signals vs molar ratios are shown in [Figure [15](#fig15){ref-type="fig"}](#fig15){ref-type="fig"}b. The binding constant was calculated to be (5.16 ± 0.05) × 10^5^ M^--1^, which is well concordant with the binding constant values achieved from the spectral measurements. The value of stoichiometry (*N*) was deduced to be 0.247. The value of site size (*n*) was expressed as a reciprocal of the stoichiometry value (*N*). In the present study, the value of *n* was calculated to be 4.05. The standard enthalpy value obtained from ITC was −1.21 ± 0.05 kcal·mol^--1^. The Δ*G*^0^ value was deduced to be −7.80 ± 0.05 kcal·mol^--1^ by the equation Δ*G*^0^ = Δ*H*^0^ -- *T*Δ*S*^0^. The interaction process was preferred by slight negative enthalpy (Δ*H* = −1.21 ± 0.05 kcal·mol^--1^) and greater positive entropy (*T*Δ*S* = 6.59 kcal·mol^--1^) changes. Thus, the binding procedure of H~2~NPV to DNA is entropy-driven.

Molecular Logic Gate {#sec2.6}
--------------------

The emission studies of the receptor **H**~**2**~**NPV** propelled us to inquire its use in numerous logic gates by consecutive addition of inputs like cations such as Al^3+^ and anions (EDTA) and monitoring their emission at 524 nm as the output. Inputs are assumed as "1" for their presence and "0" for their absence. Outputs are considered as "1" when the emission intensity is above a certain threshold value (25% of maximum) and "0" when it is below the threshold value ([Figure [16](#fig16){ref-type="fig"}](#fig16){ref-type="fig"}a). When none of the input is present, no characteristic emission is noted and is denoted by "0" (off state). The input A (Al^3+^) is added to the probe **H**~**2**~**NPV** that gives an output signal at 524 nm denoted as "1" (on state). Further, input B (EDTA) gives no output signal at 524 nm. Again, in the presence of both inputs simultaneously, no output signal is achieved and denoted by "0" (off state). It is observed that **H**~**2**~**NPV** shows the fluorescence intensity output signal in such a manner with input A that it appears to realize the needs of "AND" operation and "NOT" operation with input B. Further, when both inputs are present, then the output fluorescence intensity value decreases, suggesting the off state as per the truth table ([Figure [16](#fig16){ref-type="fig"}](#fig16){ref-type="fig"}b). This outcome is related to an "INHIBIT" logic gate, which includes a particular arrangement of logical functions AND and NOT ([Figure [16](#fig16){ref-type="fig"}](#fig16){ref-type="fig"}c).

![(a) The fluorescence intensity variation (b) truth table for advance-level molecular logic gate, and (c) corresponding circuit diagram.](ao0c02226_0008){#fig16}

Molecular Memory Device {#sec2.7}
-----------------------

The techniques of information storing are well equipped and can be assembled by consecutive logic circuits. These circuits carry out the following response loop. One of the output signals is considered as the input of the memory device and is remembered as the "memory element". The memory device function is built on a binary logic; either "0" or "1" alternates the two crisp states. In our framework, for the development of a suitable mimic of the memory component, we take Al^3+^ and EDTA as the set (S) and reset (R) inputs, correspondingly and emission intensity at 524 nm as the output signal ([Figure [17](#fig17){ref-type="fig"}](#fig17){ref-type="fig"}a). In this function of memory, the device looks at input A (Al^3+^) and it remembers binary state 1. However, under reset input (EDTA), written results get erased and binary state "0" is memorized ([Figure [17](#fig17){ref-type="fig"}](#fig17){ref-type="fig"}b). Thus, by utilizing a binary logic function, we have successfully framed a consecutive logic circuit viewing the "Write--Read--Erase--Read" property. It is worth noting that the write--erase cycles could be repeated many times with the same solution of the complex without noticeable decrease in emission intensity. Thus, circuits formed by this molecular successive logic function display comparable conduct to the logic devices of conventional semiconductors, and it seems to be a better technique for construction of molecular microprocessors of integrated circuits that can be explored in the near future.

![(a) Consecutive logic circuit of a memory unit and (b) schematic presentation of the reversible logic operation for the memory element with a write--read--erase--read kind of manners.](ao0c02226_0009){#fig17}

Conclusions {#sec3}
===========

The probe, 3-hydroxy-*N*′-(2-hydroxy-3-methoxybenzylidene)-2-naphthohydrazide (H~2~NPV), based on a Schiff base was well synthesized and structurally described by X-ray crystallographic studies as well by several spectroscopic techniques. This free probe exhibits very weak fluorescence because of the multiple photophysical processes, viz., PET and ESIPT. However, in the presence of Al^3+^, the above-said mechanism is inhibited through complexation between the receptor (H~2~NPV) and the metal and displays chelation-enhanced fluorescence (CHEF) and thus exhibits selective turn-on sensing for Al^3+^. The coordination modes of the Al^3+^ complex were explored by spectroscopic and computational studies. Molecular logic gate and memory device were also defined for the sensing for Al^3+^. The binding interactions of H~2~NPV with CT-DNA were examined by spectroscopic and calorimetric methods. Hoechst displacement studies suggested that H~2~NPV interacts specifically at the adenine and thymine (A--T) binding locations in the minor groove of double-stranded DNA. The binding constant was inferred to be (5.16 ± 0.05) × 10^5^ M^--1^ from calorimetric experiments. The thermodynamic parameters also reveal that the interactions of H~2~NPV with DNA are entropy-driven.

Experimental Section {#sec4}
====================

Materials and Methods {#sec4.1}
---------------------

The initial materials 2-hydroxy-3-methoxy benzaldehyde and 3-hydroxy-2-naphthoic hydrazide (Alfa Aesar) were utilized for the synthesis of ligand. Al(NO~3~)~3~·9H~2~O (Merck, Germany) was used for complex preparation. Calf thymus DNA (sodium salt, D1501) and bisbenzimide (Hoechst 33258, ≥98% purity) were purchased from Sigma-Aldrich Corp. (St. Louis, MO). All of the reagent-grade solvents (Merck, India) were used after drying.

Physical Measurements {#sec4.2}
---------------------

A PerkinElmer 240 elemental analyzer was used to analyze elemental analyses. Infrared spectra (400--4000 cm^--1^) were recorded on PerkinElmer FTIR spectrometers using KBr pellets. A Bruker 300 MHz NMR spectrometer was introduced for recording of all ^1^H NMR and ^13^C NMR spectra in this work. The absorption spectral titrations were executed on a Hitachi UV--vis spectrophotometer, and fluorescence titrations were recorded on a JASCO 8500 fluorimeter.

Single-Crystal X-ray Crystallography {#sec4.3}
------------------------------------

The single-crystal X-ray diffraction data of H~2~NPV was recorded at 100(2) K temperature on a diffractometer, Bruker SMART APEX-II CCD, by the use of graphite monochromated Mo Kα radiation (λ = 0.71073 Å). The structure-solving procedures were completed with the help of the Bruker Apex-III suite. The integration of data was done by the SAINT^[@ref42]^ program and, simultaneously, the absorption corrections were performed with SADABS.^[@ref42]^ The anisotropic thermal parameters for all non-hydrogen atoms with full matrix least-squares refinements were calculated on *F*^2^ using SHELXL-2014.^[@ref43]^[Figure S1](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02226/suppl_file/ao0c02226_si_001.pdf) shows the ORTEP view of the ligand. The refined and solving crystallographic parameters are listed in [Table S1](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02226/suppl_file/ao0c02226_si_001.pdf).

Synthesis of Ligand (**H~2~NPV**) {#sec4.4}
---------------------------------

H~2~NPV has been synthesized by refluxing 3-hydroxy-2-naphthoic hydrazide (0.202 g, 1 mmol) and 2-hydroxy-3-methoxy benzaldehyde (0.152 g, 1 mmol) (1:1) in ethanol for 2 h. The light yellow compounds with single crystals deposited on evaporation of the above-said mother liquor in ethanol for a week, which were then collected, washed with fresh ethanol, and sent for SCXRD ([Figures S1 and S2](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02226/suppl_file/ao0c02226_si_001.pdf), Supporting Information) analysis toward structure elucidation. Yield, 72%. Anal. calcd for C~19~H~16~N~2~O~4~, C 67.85%, H 4.79%, and N 8.33%. Found: C 67.87%, H 4.75%, and N 8.35%. ^1^H NMR ([Figure S3](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02226/suppl_file/ao0c02226_si_001.pdf), Supporting Information) (in DMSO-*d*~6~) (δ, ppm): 12.16 (s, 1H), 11.30 (s,1H), 8.699 (d, *J* = 4.5, 1H), 8.46 (d, *J* = 4.2, 1H), 8.25 (s, 1H), 7.92 (d, *J* = 5.4, 1H), 7.77 (d, 1H) 7.53--7.44 (m, 2H), 7.38 (s, 1H), 7.24--7.17 (m, 1H) 7.05--7.02 (m, 1H), 6.9--6.84 (m, 1H) 3.82 (s, 3H); %. ^13^C NMR ([Figure S4](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02226/suppl_file/ao0c02226_si_001.pdf), Supporting Information) (in DMSO-*d*~6~) (δ, ppm): 164.16, 154.65, 149.15, 148.51, 147.76, 136.46, 130.89, 129.24, 128.85, 127.58, 127.32, 126.43, 124.39, 121.22, 120.67, 119.67, 119.47, 114.41, 111.12, 56.35, 56.02; ESI-MS^+^ (*m*/*z*): (336.34, calcd) ([Figure S5](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02226/suppl_file/ao0c02226_si_001.pdf), Supporting Information), 359.1234 (H~2~NPV + Na^+^) FTIR (KBr, cm^--1^) ([Figure S6](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02226/suppl_file/ao0c02226_si_001.pdf), Supporting Information): 3437.8 (−O--H), 1641 (−C=O), 1636 (−C=N).

Synthesis of the NPV--Al^3+^ Complex (**1**) {#sec4.5}
--------------------------------------------

The methanolic solution (20 mL) of Al(NO~3~)~3~·9H~2~O (0.375 g, 1.0 mmol) and H~2~NPV (0.336 g, 1.0 mmol) was stirred for 1 h ([Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"}). The solution's color became yellowish green from light yellow. Then, triethylamine (0.202 g, 2 mmol) was added drop-wise for deprotonating the ligand. The resulting mixture was stirred for 2 h and filtered in a beaker. Then, yellow fluorescent complex **1** was obtained as an amorphous product after slow evaporation of solvents, and it was characterized by ESI-MS^+^: *m*/*z* 411.14 for \[Al(NPV)(H~2~O)(MeOH)\]^+^ (**1**) ([Figure S8](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02226/suppl_file/ao0c02226_si_001.pdf), Supporting Information). Yield: 0.245 g (∼59%). Anal. calcd for C~20~H~20~N~2~O~6~Al (MW 411.11), C 58.39%, H 4.90%, and N 6.81%. Found: C 58.35%, H 4.92%, and N 6.86%. FTIR ([Figure S13](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02226/suppl_file/ao0c02226_si_001.pdf), Supporting Information): 3418.49 (−O--H, broadened), 1633.53 (−C=N, metal coordinated)

![Chart of the Syntheses of H~2~NPV and **1**](ao0c02226_0019){#sch2}

Details of Theoretical Calculation {#sec4.6}
----------------------------------

The electronic structure and geometry calculations of the ligand and complex in the ground state in gas phase have been performed by the DFT^[@ref44]^ method along with the CPCM model (conductor-like polarizable continuum model).^[@ref45],[@ref46]^ Becke's hybrid function^[@ref47]^ with the correlation function Lee--Yang--Parr (LYP)^[@ref48]^ was employed for the study. The absorbance spectral properties in water medium for H~2~NPV and \[Al(NPV)(H~2~O)(MeOH)\]^+^ (**1**) were computed using time-dependent density functional theory (TDDFT)^[@ref49]−[@ref51]^ with the CPCM model, and we calculated the transitions with lowest 40 singlet--singlet.

We employed the 6-31(g) basis set for C, H, N, O atoms, and we used 6-31+g as the basis set for the Al atom for all of the calculations. The frontier molecular orbitals with electron-density involved in transitions generated by Gauss View 5.1 software. All of the computations have been performed with the help of the Gaussian 09 W programming software package.^[@ref52]^ The Gauss Sum 2.1 program^[@ref53]^ was used to compute the molecular orbital contributions from groups or atoms.

Preparation of Solutions for Spectroscopic Studies of Sensing Experiments {#sec4.7}
-------------------------------------------------------------------------

Stock solutions of several metal ions (1 × 10^--2^ mL^--1^) were prepared in MeOH--H~2~O HEPES buffer solution (9:1, v/v). A standard solution of H~2~NPV (2 × 10^--3^ mL^--1^) was prepared in methanol with 1% DMSO. Then, the solution was diluted to 20 × 10^--6^ mL^--1^ with methanol/aqueous HEPES buffer (5 μM, pH 7.2; 9:1, v/v) using 20 μL of the stock solution of H~2~NPV (2 × 10^--3^ mL^--1^) and filling the final volume up to 2 mL by adding methanol. In absorbance and emission titration studies, a 1 cm path length quartz optical cell was charged with 2.0 mL solution of H~2~NPV (20 × 10^--6^ mL^--1^) wherein the stock solution of metal ions of different concentrations was slowly added. In selectivity studies, 50 μL (1 × 10^--2^ mL^--1^) of the solution of metal ion was added into 2.0 mL of H~2~NPV solution (20 × 10^--6^ mL^--1^). The stock solution of Al^3+^ (1 × 10^--3^ mL^--1^) in MeOH--H~2~O HEPES buffer solution (9:1, v/v) was used for the titration. For emission titration, excitation was set at 330 nm and fluorescence was acquired from 340 to 650 nm with excitation and emission bandwidth of 5 nm.

Fluorescence Lifetime Studies {#sec4.8}
-----------------------------

The fluorescence lifetimes were acquired by time-correlated single-photon counting (TCSPC) employing a Horiba, Delta Flex, modular fluorescence lifetime system with a 288 nm diode laser as the excitation source and the sensing wavelength of 524 nm for H~2~NPV with Al^3+^. The obtained decay data were fitted with the help of a conventional nonlinear curve based on the Marquardt algorithm following the procedure reported in the literature.^[@ref54],[@ref55]^

DNA Binding Measurements {#sec4.9}
------------------------

The binding efficiency of H~2~NPV with DNA had been executed in 10 mM citrate phosphate (CP) buffer of pH 7.0 using deionized and triple-distilled water. Entire biophysical studies were carried out at 298.15 K in 2% DMSO--buffer (v/v) solution of the ligand. The DNA concentration in base pairs was calculated by recording absorbance at 260 nm employing a molar absorption coefficient (ε) of 13,200 M^--1^ cm^--1^. For preparation of DNA solution, a Labsonic sonicator (B. Brown, Germany) was used for sonication to obtain uniform size of (280 ± 50) base pairs and the solution was dialyzed at 5 °C in experimental buffer under sterile conditions.^[@ref39],[@ref56]−[@ref58]^

Absorbance and Fluorescence Spectral Titration with DNA {#sec4.10}
-------------------------------------------------------

Absorbance and fluorescence spectral titrations^[@ref38],[@ref40],[@ref56]−[@ref58]^ are explained elaborately in the [Supporting Information](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02226/suppl_file/ao0c02226_si_001.pdf).

Hoechst 33258 Displacement Assay {#sec4.11}
--------------------------------

The competitive binding efficiency between H~2~NPV and Hoechst 33258 with DNA was determined by the fluorescence spectrophotometer in the range of 400--650 nm.^[@ref41],[@ref58]−[@ref60]^ Aliquots of H~2~NPV solution (0--20 μM) were added in the equilibrated mixture of CT-DNA (20 μM) and Hoechst 33258 (1.91 μM) (termed as the Hoechst--DNA complex) at room temperature. The excitation wavelength was set as 350 nm.

Isothermal Titration Calorimetric Study {#sec4.12}
---------------------------------------

To obtain the in-depth information about the thermodynamic parameters of DNA--H~2~NPV complexation, a VP-ITC microcalorimeter (Malvern Instruments, U.K.) was used for the calorimetric studies at 298.15 K. Origin 7.0 software was employed to analyze the resulting data obeying the protocols illustrated previously.^[@ref38],[@ref39],[@ref56]−[@ref59]^ Details of the ITC are described in the [Supporting Information](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02226/suppl_file/ao0c02226_si_001.pdf).

The Supporting Information is available free of charge at [https://pubs.acs.org/doi/10.1021/acsomega.0c02226](https://pubs.acs.org/doi/10.1021/acsomega.0c02226?goto=supporting-info).^13^C NMR of H~2~NPV, ^1^H NMR spectra of H~2~NPV and complex **1**, ESI-MS for both ligand and complex **1**, IR spectra, and other physical properties' studies ([PDF](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02226/suppl_file/ao0c02226_si_001.pdf))X-ray structure analysis (CCDC 1961339) of H~2~NPV and other crystallographic parameters ([CIF](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c02226/suppl_file/ao0c02226_si_002.cif))
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